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Am ung t!a- s ig iu iiean t se ien tilie  w orks of R o lan d  E ö tv ö s lu s in v e s tig a tio iis  co n cern in g  
ti^e p ro p o rtio n a lity  be tw een  th e  a ttra c t io n  o f  m asses a n d  th e  in e r tia  a re  o f a  sp ec ia l 
im portance ¡torn th e  view point o( m ode: n sc ien tific  d e v e lo p m en t. B y m ean s o f th ese  in v e s ­
tig a tio n s  he has p ro ved , th a t  even if  th e re  were a  d ifference  in th e  a t t r a c t io n  o f  m a te ria ls  o f  
v a rio u s q u a lity , i t  o u g h t to  be sm a lle r  th a n  1 200 000 000. S u b seq u en t in v es tig a to rs  have  
ex ag g e ra te d  th is  a ccu racy . 1 he a cc u rac y  has been  ra ised  by  one o rd e r  o f m ag n itu d e  in th e  
1M30 by  th e  a u th o r  o f  th is  p ap er. In th e  la s t y ea rs  it w as found  by  K. H. D icke th a t  th e  
a t t r a c t io n  ol g ra v ity  is in d ep e n d en t from  th e  q u a lity  o f  m a te ria ls  to  an  a cc u rac y  a s  high 
a s  1 10". In co n n ec tio n  w ith  his e x p erim en ts  E ö tv ö s  has also  in v es tig a te d  th e  ab so rp tio n  of 
m a ssa ttra c tio n  w ith  his very  sensib le  c o m p en sa to r a n d  a t  his e x p e rim e n ts  o f h igh accu racy  he 
has n o t found  a n y  ab so rp tio n .
¡he various significant scientific works of Hofand Eötvös are usuaiiy 
denoted by brief characteristic denominations. Tiius we speak about the Köt 
vös law of surface tension, tbc Fütvüs el feet expresses the gravitational changes 
of moving bodies and mainiy recently his significant investigations concer 
ning the proportionality between gravitationai attraction  and inertia are 
referred to  as Eötvös experiment, i t  is wel! known for the professional th a t 
Eötvös and ids coliaborators Dezső Pékár and .Jenő Fekete von  the Benecke 
Prize of the University of Gottingen in 1909 with their paper describing these 
investigations. The prize-winning paper was not pubiished by Eötvös himseif, 
it was pubiished by ins coiiaborators as a posthumous work several years af­
ter his death in the 1922 volume of Annáién dcr Physik. This work contains 
the prize-winning paper in a slightly abridged form. Tim original paper was 
published to  somewhat fuller extent in the collection "Hötvös's Gesammelte 
Arbeiten", published in 1953 edited by Pál Selényi.
Ihe investigations, tha t served as a basis for the paper, were carried out 
by Eötvös and his collaborators around 1900, his investigations concerning 
this object go back, however, to earlier times, they are virtually equal in age 
with his gravity researches. A document of his earlier investigations on this
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object is his report in the Academy of Sciences of Hungary on 20. th o f.la - 
nuarv 1889. the materia! of wich a})]ieared in 1890 in Hungarian and Herman.
The problem is a very o!d one, since it contains the question whether the 
acceleration depends on composition of m aterials in the gravitational field. 
This question was answered by the classical falling experiments of Galilei and 
later hv the observations of the sw inging tim e on pendulums, loaded by vari 
ous materials, conducted by Newton. These experiments lead to the conclu­
sion, th a t the gravitational a ttraction is independent Horn the composition 
of materials.
The experiments conducted by excellent investigators during centuries 
showed a gradual development, since the accuracy of the measurements cons­
tan tly  improved. The accuracy of Newton's experiments achieved 1 l(MK). in 
the first half of the 19-th century the experiments of Bessel w ith pendulums 
of various materials achieved the accuracy of 1/50 000.
In the 80-cs of the last century Kötvös used the torsion balance construc­
ted by him for his experiments concerning the proportionality between gra 
vitational attraction and inertia and the same method was used by him with 
an improved process and greater accuracy for his investigations carried out 
a t the beginning of our century. According to his report on the Academy in 
1889 the accuracy achieved a t th a t time was 1/20 000 000, w hile the accuracy 
of the experiments described in the prize-winning paper of Göttingen reached 
1/200 000 000, i.e. it was 10 times higher. In his former experiments Kötvös 
tested brass, glass, antim onite and cork, in  the experiments for the prize 
work of Göttingen he tested the following m aterials: magnalium, snakeweed, 
copper, water, crvstalline cupric sulfate, solution of cupric sulfate, asbestos, 
tallow, silver sulfate and iron sulfate. The above mentioned materials were 
conmared with platinum. Tbe experiments on the proportionality between 
gravitational a ttraction  and inertia as conducted by Kötvös were founded on 
an órádnál principle, completely differring from the earlier ones, theicfbie 
they (leserve the name "Kötvös experiment'*. The principal basis of Kötvös 
investigations is, th a t since the centrifugal force front the rotation of the 
Karth — as an inertial force — is independent from the material composition, 
if the gravitational attraction caused by the Karth were different for various 
materials, then the resultant, i.e. the gravity would change according to thc 
qualitv of materials and the direction of gravity would also be different for 
various materials. By other words it means th a t for every kind of material 
a different niveau surface would form, the torsion balance of Kötvös is excel­
lently suitable for measuring very small deviations in the direction of gravi­
tational force.
In the followings I shall briefly dccribe Kötvös's method. Gn fig. K s is 
the angle between the force of a ttraction and the direction of resultant gravi­
tational force. is the assumed deviation of direction caused bv differences 
of material composition. The value of angle e depends on geographical latitude 
and its maximum is about Ö on the latitude of 45°. from  the triangle on the
figure fB /? , 77 =  - ' * "  sin e, where, G and G, represent the varoius acccle- 
!7
rations according to material composition.
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Let us assume, th a t —0  =  ^G', hence 
x is a factor depending on materia! composition.
Let us assume, th a t the ends of the beam of the torsion balance are toaded 
with weigths of various compositions, and the corresponding factors of materia) 
composition is and The horizontal torque arising from the difference 
of m aterial composition in the position of the beam characterized by the 
ang!e a  is:
tn this expression ano ^  are m e weignts loaning the balance, and 
are the corresponding arms of rotation.
The condition of equilibrium as known from the theory of the torsion 
balance, adapted for the horizontal variom eter and considering the assumed 
difference due to  material coinoosition is
in  tins iormula A is the moment ol intertia  of the suspended system, r  is 
the torsional moment oi the wire, A is the distance from the centre of the 
lower suspended weight to the horizontal plain of the beam, ^  \
and f  xy the second derivatives, characterising the gravitational field.
The angle A is the deviation from the untorqued position of equilibrium.
ín these investigations Kötvös used several methods, in  his first method 
he assumed, th a t the fieid of gravitational force and the torque of the wirc 
arc constant, in the second one tie assumed the constancy of the gravitational 
field, bu t allowed a slow change for the torque of the wire. In the th ird  most 
accurate method neither the constancy of the gravitational field nor th a t of 
the torsion wire had to be assumed. In the th ird  method Eötvös used doublc 
torsion balance with antiparallel beams. The experiment was arranged so, 
th a t the upper weights of the beam were made of the same material with 
x„ characteristic coefficient, the lower suspended weights were made of the 
materials of various composition, selected in comparison with coefficients 
x„ and x'„. The positions of the double balance were observed in azimuthal 
angles shifted for 90°. Let us mark the difference of readings, obtained in 
positions of 7? — IT by c, the difference of readings taken in positions N  — <S' by 
and be /let the very little angle closed in initial position by the axis of thc 
beam and the astronomical North.
Two series of observations are needed: at first to the end of the first 
beam is attached a weight with coefficient x„, next to the second beam another 
weight with coefficient x'„. t hen the corresponding values for the first heam 
are t?i, ?Mi, /Icq;, lor the  second beam t%. /Icq,. A t the second series of ob­
servations the suspended weights are m utually changed, then the values 
for the first beam arc i/q. to ,,,, and the values for the second beam arc
t'.j, Mg, /Icq,,.
The ratio of the quantities c and a; is not subjected neither to  the casual 
changes of sensibility, nor to the slow change of the gravitational field. From 
the above mentioned position of equilibrium one can compute the difference 
of coefficients, characterising the material com position:
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hi this formula L is the distance of the scale.
In connection with these experiments Eötvös examined very carefully 
the achieved accuracy, it  can be seen from the above formula, tha t if there 
were any difference in the gravitational attraction of various materials, it 
ought to be appear in the value of the ratio r/m. Since the values y and № 
were directly observed, according to the rules of error propagation the mean 
error of the mean values of the quantity  p/?H from the mean errors of thc 
observed mean values is:
1 he mean errors h' and /Iw were calculated by Eötvös m the usual w ay
with the formula [/ — —  .
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The individual series of observation consisted of about 100 readings, 
and since within the individual series the values p and w had a minute of 
any change, the ó deviations as calculated from the mean values were very 
little and in consequence of th is the mean errors lr and b;< of the meat) 
values proved to be very small.
This can be expected, of course, if any disturbing circumstance is elinti 
nated, which may change the position of the beam of the torsion balance. 
Eötvös paid particular a tten tion  to the elimination of disturbances like these. 
He used carefully prepared and checked wires itt the torsion balance. He 
cancelled the occasional electrostatic attd magnetic influences attd created a 
tem perature protection for the instrum ent th a t tto disturbances due to 
changes in tem perature could take place. The mentioned disturbing 
effects m ay appear in the values for e and w. anil if they were ttot 
elim inated in a corresponding manner, they  might cover the effect, th a t 
may be caused by the differences of material compositions itt the gravitational 
a ttraction . The order of magnitude of the accuracy achieved by Eötvös arc 
characterised by the following data. In the series of about 100 observations 
the mean errors of the mean values of the quantities p attd /M are generally 
of ± 0,01 scale division. According to the rules of error propagation the mean 
errors of the ratios p/wt are of the order of about ± 0,002; the error of the 
sum of the differences of ratios p/w is about ±0,004. If this is multiplied 
by the outer factor of appr. 0,4-10-6, the mean error has the value of about 
± 0,0010-10*''. Let us take into consideration, th a t in the several series of 
Eötvös experiments the investigated m aterial was ¡daccd is some container, 
metallic or glass tube and therefore the error m ust be related only to the 
¡tart of mass made of the investigated m aterial. Itt consequence of th is the 
mean error increases to about ±0,003-10-6. The value of the differences 
x„ — x,,' was determined from the observations to be 0,001 -lO *"—-0,006-10*", 
thus they are ¡tartly bigger and ¡tartly smaller, than  the computed average 
errors, their order of magnitude, however, corresponded to  the order of mag­
nitude (tl the mean errors. From these results Eötvös drew the conclusion, 
if there were any deviation between the gravitational a ttractions of various 
materials, it ought to be smaller than the value of 0,005-10*6.
In such a way the accuracy, achieved by Eötvös was 1,200 000 000.
Apart from the investigation of the above mentioned m aterials Eötvös 
conducted special experiments with radioactive materials. The age, itt which 
Eötvös carried out his very accurate experiments on the proportionality b e t­
ween gravitational a ttraction  and inertia, witnessed the discovery of radio­
active phenomena. At th a t tim e R. Oeiger m aintained the idea, th a t the 
radioactive radiation absorbs the energy of attraction . Eötvös placed a radium- 
compound itt a little glass tube itt the proxim ity of the platinum  weight on 
the beam of the torsion balance attd experienced a little effect of repulsion 
or a ttraction  depending on the position of the glass tube. The experiment 
was repeated in such a way, th a t the glass tube containing the radium -com ­
pound had been replaced by another glass tube, in which a thin platinum  
wire was welded and connected in an electric current. When the quan tity  of 
heat, produced in the platinum wire by electric current, was equal to  th a t, 
performed by the radiation of the radium-compound, the effect of repulsion
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and a ttrac tion  was observed to  be the same, thus the phenomenon was 
completely expiained by the tem perature effect. There was no trace of the 
absorption of gravitational attraction.
Following the investigations of Eötvös, in the years 1930 — 1935 1 have 
also deait with the question of proportionality between gravitational a ttra c ­
tion and inertia. My endeavour was to increase further the accuracy and 
to  extend the investigations to  various materials, not included in experiments 
of Eötvös. For the purpose of the experiments I have used the double torsion 
balance No. I ll of the Geophysical In stitu t, which a t th a t time proved to  be 
the most reliable laboratory instrum ent. It was especially rem arkable for 
being almost unsensible to tem perature influences. The torsion wires were 
long ago prepared platinum  — iridium wires, the tem perature coefficient 
of which was practically zero and had no elastical drift a t  all. A special care 
was taken of the constant tem perature of the surroundings. I have compen­
sated the geomagnetic field similarly to  Eötvös and apart from this I have 
used the very observations for determining the occasional magnetic effect. 
This was achieved by carrying out the observations besides the chief direc­
tions of E —\V and X —8 also in interm ediary positions making an angle of 
45° with these directions. From the latter the occasional magnetic effect 
could be computed. This method was used by me a t the comparison of brass 
and diamagnetic bismuth. Otherwise the observations in the intermediary 
positions of 45° represent a series in themselves, from which the differences 
— x/, can be determined independently from the result of the observations 
in the main posit ions, thus they serve as a control. This investigation was 
carried out a t the comparison of copper and an alloy of manganous copper 
and from the two series of observations I have recievcd the following indepen­
dent results, in the main positions:
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m the intermediary positions:
'flic differences of the coefficients characterising the material compo 
sition were within the limits of error in both series and the error of the mean 
values was about ± 0.2-10- 9, j ^ l/dooddOOddO, th a t exceeds 25 times 
the accuracy of the experiments conducted by Edtvds.
At the subsequent experiments the order of mean errors was about 
± 0,5 -10*9 j (. 1/2 000 000 000, hence the accuracy exceeds in general the 
accuracy of the experiments of Edtvds 10 times.
Besides of the already mentioned materials the following materials were 
com pared:
platinum — brass
bat avian glass beads — brass
batavian scrap glass beads — brass
paraffin — brass
aluminium fluoride — copper.
The differences x„ —x„' computed from the series of observations had 
partly  positive, partly  negative signs, the mean errors were of the same order, 
their mean value being +0,52-10*".
Fotvds used another method for examining the proportionality between 
gravitational a ttraction and inertia, too. This method is founded on the 
comparison of the tidal force raised by the Sun and of the centrifugal force 
appearing on the orbit of the Karth. The torsion balance is very suitable lbr 
investigating this phenomena. Let us assume, th a t  there are masses of various 
quality attached to the ends of the beam, orientated  along the meridian, and 
th a t the Sun exerts a greater attraction to the mass on the northern end of 
the beam, than  to the one on its southern end. In this case the mass on the 
northern end would move towards the Sun, w hen it rises and cause a corres­
ponding turn  of the beam ; a t Sunset the mass a t the northern end would move 
towards west and the beam would turn  in a direction opposite to the previous 
one. Thus owing to the different specific gravitational attraction  the beam 
of the torsion balance would show up an oscillation with a 24-hour period, 
th a t could be observed with a balance of appropriate sensibility.
hi comparison with the above discussed method the la tte r one has the 
advantage th a t the torsion balance remains in the same a/.imutha! position 
during the whole series of observations and the object of the observation 
must be the occasional change in the sta te  of equilibrium. But the sensi 
bility of this method is only a third part of the sensibility of the previous 
one.
Kdtvos and his collaborators compared the coefficient of a ttraction of 
magnatium and platinum by the help of this method and the difference 
x - x „ ' was determined to be of the same order of magnitude, as in the 
experiments conducted w ith the other method. For the purpose of such ex­
periments the highly sensitive instrument of Lot vds. the gravitational com pen 
sator is particulary suitable.
In the last years the same principle was used essentially for the investi­
gation of the proportionality between gravitational attraction and inertia 
by the American investigator R. H. Dicke, who however had designed an 
instrum ent with modern technics for his experiments.
Dicke suspended a frame in the form of a triangle on three w ires, and 
the corners of the triangle were loaded by weights of the same mass. Two 
of the three weights were made of copper, and the third was lead chloride 
sealed in a cylindrical flask. From one silvered side of the triangle the reflected 
light is brought through an adequate optical device to a wire oscillating at 
3,000 cycles per second, from there it strikes a photocell having a certain 
current intensity a t constant illumination, hence a constant current intensity 
corresponds to the unchanged position of the triangle. If the triangle turns 
but slightly, the signal from the photocell changes and gives rise to  a direct- 
current voltage w hich by the help of a servo-mechanism exerts a restoring 
force on one of the copper w eights, thus it makes the w hole system to return 
into its initial position. The restoring force is registered and this measures 
the rotation angle of the suspended system. Dicke placed the whole system 
in a metal can and the air was evacuated from it to a pressure of 10*** milli-
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meter of mercury. By s u c h a  way he cancelled the disturbances from air 
convection. T[)e whole apparatus was mounted iu a chamber a t  a depth of 
4 m. According to an information from him after having overcome manv 
technica) ditficuttics tie succeded in improving on the accuracv of the experi­
ments Eötvös by a factor of 30 and on the accuracy of my experiments con­
ducted in the lt)3()-es by 3. According to tatest informations the accuracv 
in Dicke's experiments raised further to the order of Id * " .
The proposat of Pát Setényi deserves attention, according to which it 
woutd be worth-white to extend the investigations on tiving materia].
hi the following i shouhl tike point briefty at the significance ol the 
Eötvös experiment from the viewpoint of the genera) theory of relativity, 
on the one hand, ami of the modern atomic physics, on the other.
It is known, tha t the general theory of relativity of Einstein is based 
on the principie of equivalence, according to  which the a ttrac tive  and inertia) 
masses are equat. It is probahte, th a t Einstein did not know ttie results of 
Eötvös experiments as tie formulated the theory and he became acquainted 
with them only afterwards, hi any case, undependentty from the result of 
the experiments Einstein was convinced of the correctness of the principie 
of equivatence. He endeavoured to determine the taws of motion for aceete- 
rating systems. Therefore tie had to identify the inertia) forces with the gravi- 
tationat ones, tha t means, tha t in an accelerating system an observer ctosed 
from the outer work! can not distinguish whether the motion of a certain 
mass is catted forth by the gravitational field or bv the inertia.
Recently the Eötvös experiment has obtained significance atso in atomic 
physics. Namely among the many elem entary particles known a t present 
there arc ones differring from one another oniy in the sign of their electric 
charge. Particles like this are the electron and positron, proton and anti- 
proton etc. There are so called anti-particles that appear mostly in the big 
accelerators and have a very short period of life. D ie English physicist Bondi 
created a hypothesis according to  which the gravitational effect from anti 
particles would be repulsing. According to this hypothesis the proportionality 
between gravitational attraction and inertia woutd not be valid between 
particles and anti.-particles. Since the anti-particles appear most raretv in 
our world it seems impossible to  examine experimentally the principle of 
equivalence. According to  the opinion of the Californian investigator I.. .1. 
Schiit in the atoms of our work) there can be atso found anti-particles, since 
the electric fields in the inner part of the atom create virtuat pairs of etectron 
and positron, and if the positrons had a gravity with sign contrary to that 
of electrons, it ought to  appear in the experiments of high accuracy concerning 
the proportionality of gravitational a ttraction and inertia. Nevertheless at 
the high accuracv achieved in these experiments there are no traces of a 
phenomenon like this, consequently there exists no antigravitation. In any 
case this problem contributed to bringing the experiments on the propor­
tionality of gravitational attraction and inertia into prominence and to d a y 's  
investigators strive to improve further on the accuracy.
Die investigations of Eötvös concerning the absorption of gravitational 
attraction are of great interest, too, the results of which were also described
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in the prize-winning ])aper of Gottingen. Fbtviis ttsed for these investigations 
the gravitational compensator, constructed by him. This was a very sensitive 
instrum ent and its sensitivity can he virtually raised beyond all limits bv 
appropriately regulating the lead masses in the form of a quadrant, mounted 
in the proximity of the ends of the beam. If the
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central line of the pairs of lead quadrants are ad 
justed in 45° and 225° to  the vertical, then one of 
the quadrants falls under the horizontal plane, the 
other above it; if the centre lines are adjusted in 
125° and 315°, those quadrants raise above the hori 
zontal plane, th a t were previously below it and con 
verselv. In each case the a ttraction  from one hall 
of the earth  exerts its influence through the lead 
mass of the quadrant, and the a ttraction  from the 
other half of the earth  is not shaded by the lead 
m a s s .  If  the gravitational attraction had an absorp 
tion, then the gravitational attraction ought to be 
greater on th a t side, where is no shading mass. 
(Fig. 2.)
If the readings on the torsion balance in the subsequent positions of the 
quadrants are marked by ?q. /q then according to  Eötvös computations
the coefficient of absorption can be expressed as follows:
where ^ means the vertical coordinate of the gravitational centre of the mass 
a t the end of the  beam in a coordinate system, the origin of which takes place 
on the horizontal line passing through the centre of the opposite quadrants. 
If the beam is adjusted centrically in relation to  the quadrants, which must 
be achieved upon the  orientation, then the term  containing ^ in the above 
expression can be neglected.
According to the results of the performed experiments the num erator 
of the first term  is of the order of unit, thus it can be sta ted  if  the gravitational 
a ttraction  had an absorption, then the absorption of the lead quadrants 
of the compensator must be smaller than one in fifty milliards. This shading 
corresponds to  a lead layer with a thickness of about 5 cm. Recalculated 
this for a lead layer of 1 m thickness the absorption would be smaller than 
one in two thousend five hundred millions. Calculated on this base the ab 
sorption of the whole earth  along its diam eter would be a t the most one part 
in eight hundred.
If the absorption is applied to  the tidal phenomena, then for the effect 
from the Sun the effect a t  the comparison of the zenith positions of 0° and 
180° can be expressed as follows:
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In this expression a  is the radius of the E arth , D — distance to  the Sun; 
df -  mass of the Sun. If, using the  resuit of the  experim ents with the compen­
sator, 1/1600 is substitu ted  for /z, the tidai force created by the  Sun is:
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i. e. the absorption wouid increase the tidal force 8 times, which fuiiy con tra­
dicts the experiences. According to  this the above mentioned absorption is 
impossible.
The scientific activ ity  of Roiand Eötvös, our great scientist, embraces 
a wide scope of probiems in the  fieid of gravity , the resuits achieved by him 
have a basic significance. The probiems, tie deait with so extensively and 
successfully are actual even a t  present after a half of a century, they inspire 
thoughts in the investigators of today and stim ulate them to further investi­
gations.
